OA 82-278S5) Carcinoembryonic antigen (CEA) and secretory component (SC) were localized by peroxidase-labeled antibody immunocytochemistry in normal and abnormal human gastric mucosa. In normal epithelium, both glycoproteins were absent or only faintly present, but in intestinal metaplasia and carcinoma both were prominently present. CEA and SC on the surfaces of metaplastic epithelial cells were polarized. That is, CEA was expressed only on the microvillous surface and SC was expressed only on the basolateral surface. In gastric cancer, CEA and SC were distributed over the entire surface of the neoplastic cells.
Introduction
The glycoproteins carcinoembryonic antigen (CEA) and secretory component (SC) are synthesized by epithelial cells of several mucous membranes (1, 2, 5, 9) . Immunoelectron microscopic studies have established that, in the glandular epithelium of the normal small intestine and colon, CEA and SC on the external surfaces of epithelial cells are expressed in a polar manner. That is, CEA is restricted to the apical microvillous surface (1, 5) , whereas SC is restricted to the basolateral plasma membrane (2, 9) . Others have reported that in colonic neoplasia, CEA may be distributed over the entire surface of the neoplastic cells (1) or may be diminished or absent from anaplastic cells (4) . SC reportedly is often diminished or absent from neoplastic colonic cells (10) . These observations suggest that abnormalities in the distribution of normal cell-surface constituents are a feature of epithelial carcinomas.
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We have previously observed that SC and CEA are associated with gastric cancer and mucosal metaplasia of the stomach, but are absent or minimally present in normal stomach (8) . However, no systematic ultrastructural study of the glycoproteins in these diseases, which might be pathogenetically related, has been conducted. The purpose of the present study was to compare the cellular and ultrastructural sites of CEA and SC in normal, metaplastic, and neoplastic gastric mucosa. The results indicate that deviation from the normal differentiation and maturation of gastric epithelial cells is accompanied by alteration in the surface distributions of CEA and SC.
Materials and Methods
Samples. The following samples obtained from surgically removed stomachs were used.: 18 gastric adenocarcinomas, 11 noncancerous gastric mucosae excised for gastric or duodenal ulcers, and 15 specimens of peritumoral gastric mucosa. The tissues were promptly fixed in periodate-lysine-4% paraformaldehyde (PLP) (7) or 10% formaldehyde. Tissues fixed in PLP were washed in phosphate-buffered saline (PBS) containing increasing concentrations of sucrose, frozen in Tissue-Tec II OCT compound (Lab Tek Products, Naper-ville. IL), and sectioned on a cryostat microtome. The tissues fixed in formaldehyde were embedded in paraffin and sectioned on a microtome.
Antigens and antibodies. CEA was prepared by perchloric acid extraction of a liver metastasis from a human colonic cancer and a human gastric cancer, and was further purified by gel filtration on Sephadex G-200, according to the method of von Kleist and Burtin (11) . SC was prepared from an ammonium sulfate precipitate of human colostrum by chromatography on Sephadex G-200 (6) . The SC contains a trace of lactoferrin. Rabbit anti-human CEA and anti-human SC were purchased from Dakopatts (Kyowa-Hakko, Tokyo) and antirabbit immunoglobulin (Ig)G goat serum from Fujizoki Pharmaceutical Co. (Tokyo). The anti-CEA serum was absorbed with ABO blood groups and perchloric extracts of human spleen and meconium. It gave only one immunodiffusion precipitin line of /3-mobility with perchloric extracts of gastric or colonic cancer tissues. Antibody specificity of the anti-SC serum and the anti-rabbit IgG goat serum was documented by immunoelectrophoresis and immunodiffusion in agarose gel. The Fab fragments of the gamma globulin fractions of these antisera were labeled with horseradish peroxidase (HRP), according to the method of Wilson and Nakane (12) . For use in control experiments, the Fab' fragments of nonimmune rabbit gamma globulin were also labeled with HRP.
Immunocytochemistry. CEA and SC were localized in tissues according to techniques described for studies on intestinal mucosa (1, 2, 9) . Cryostat sections or paraffin-embedded sections to be observed by light microscopy were treated with 5 mM periodic acid and 3 mM sodium borohydride to inhibit endogenous peroxidases. In cryostat sections, the direct enzyme-labeled antibody method was used. The sections were reacted wither with HRP-labeled Fab' fragments of the antisera or nonimmune rabbit serum for 2 hr at room temperature. In paraffin-embedded sections, the indirect enzyme-labeled antibody method was used. The first layer reagent was either whole immunoglobulin of the antisera or nonimmune rabbit serum, and the second layer reagent was the HRP-labeled Fab' anti-rabbit IgG. In addition, control sections were reacted with the anti-CEA or anti-SC antibodies absorbed with the purified relevant antigens. After reaction with the HRP-labeled antibodies, the sections were dipped in 0.25% diaminobenzidine solution containing 10 mM hydrogen peroxide and 10 mM sodium azide for 10 min, then counterstained with methyl green.
Cryostat sections adjacent to those used for light microscopy were selected for electron microscopic study. The sections were reacted with the HRP-labeled Fab' fragments of the antisera or nonimmune rabbit serum at 4°C for about 12 hr. After washing in PBS, the sections were postfixed in 1% glutaraldehyde and treated sequentially with 0.25% diaminobenzidine solution containing 1% dimethyl sulfoxide for 30 min and 0.25% diaminobenzidine solution containing 10 mM hydrogen peroxide for 10 min. The sections were washed, reacted with 2% osmium tetroxide, dehydrated in graded alcohol, and embedded in Epon. Ultrathin sections, either unstained or stained with lead citrate, were viewed with a JEOL electron microscope. 
Results

Histologically Normal Gastric Mucosa
Little or no CEA and SC was found in cells of histologically normal gastric mucosa (Figure 1 ).
Gastric Mucosa Showing Intestinal Metaplasia
Light microscopy. CEA and SC were demonstrated in areas of intestinal metaplasia. The intensity of the immunocytochemical reaction for both antigens was related to the severity of metaplasia. At early stages of metaplasia, CEA was frequently found on the luminar surface of mucous-secreting cells situated above the mucous neck cell region, whereas SC was more frequently found on the lateral surfaces of cells in the neck cell region. In advanced intestinal metaplasia, CEA was densely distributed along the apical surfaces and intracellularly, but not in the metaplastic goblet cells. The intensity of apical surface staining decreased progressively from cells at the mucosal surface to cells at the bases of glands (Figure 2a ). SC was ubiquitously present in the cytoplasm of metaplastic cells and along their lateral and basal borders. The mucus in goblet cells was not stained for SC. The intensity of the immunocytochemical reaction for SC was generally greater at the base of the mucosa than at the surface (Figure 2b ). Electron microscopy. CEA was uniformly present along the microvilli but only rarely present along the basolateral surfaces ( Figure 5a ) of gastric epithelial cells. CEA was also demonstrated within the rough endoplasmic reticulum, pennuclear spaces, Golgi complexes, and cytoplasmic vesicles of many metaplastic cells. On the other hand, SC was not demonstrated along the microvillous surface of metaplastic cells, but was ubiquitously associated with the basolateral plasmalemma (to the level of the intercellular tight junctions), endocytic invaginations, and cytoplasmic vesicles. In addition, SC was found in the cells' protein-synthesizing organelles (Figure 5b) .
Gastric Cancer
Light microscopy. In the 18 specimens of gastric cancer, variation in the pattern of CEA and SC distribution was found, but the intensity of the staining reactions was unrelated to the degree of differentiation of the tumorous areas. In neoplastic gastric cells, both antigens were found all over the surfaces of the cells, i.e., on basolateral surfaces as well as on apical surfaces. The antigens were also found intracellularly (Figure 3 ). In the malignant cells in a capillary, CEA and SC were also distributed over the entire surfaces of the cells, as well as being on the surface of the endothelium and apparently free within the capillary lumen (Figure 4a ). Electron microscopy. Both CEA and SC were prominently present on the microvillous surfaces (occasionally microvilli were poorly developed) and on the basolateral surfaces. In addition, the antigens were easily recognizable in the protein-synthesizing and protein-transporting organelles, i.e., rough endoplasmic reticulum, perinuclear spaces, Golgi complexes, and cytoplasmic vesicles of the cells ( Figure 6 ).
Control sections for CEA and SC were uniformly negative.
Discussion
This study identified abnormalities in the cellular and ultrastructural distributions of two glycoproteins, CEA and SC, in metaplastic and neoplastic disease of human stomach. Neither CEA nor SC was very evident in the normal gastric epithelium. However, both were present in metaplasia in a pattern similar to that previously described in normal intestinal epithelium (1, 2, 5, 9) ; that is, CEA was expressed only on the apical surfaces and SC only on the basolateral surfaces of the cells. In neoplastic cells, this polar distribution was absent, and both antigens were distributed equally over the entire cell surface. Hence the abnormalities in expression of CEA and SC were correlated with the histologic abnormalities. These observations suggest that intestinal metaplasia and neoplasia of the gastric mucosa have in common an abnormality in the expression of surface glycoproteins. Ahnen et al. (1) have reported that the normal polar expression of CEA on the surfaces of human colonic epithelial cells is replaced by a diffuse distribution of the antigen in colonic neoplasia. The biological significance of the abnormalities in distribution of membrane glycoproteins in gastric and colonic epithelial cells awaits clarification. Nevertheless, whether they are primary or secondary events in cell transformation, the abnormalities might lead to important changes in the behavior of the cells, i.e., in cell-cell contact, adhesion, or mobility (3). It is possible that CEA and SC in mucosae can be used as immunocytological markers in the study of metaplastic and neoplastic transformation of epithelial cells.
We believe that the presence of CEA on the basolateral surfaces of malignant gastric epithelial cells, where it might have easy access to the blood circulation (see Figure 4 ), could be one of the explanations for elevated concentrations of CEA in the serum of cancer patients. 
